ABSTRACT Immature insects that develop within plant structures entirely of their parentÕs choosing are dependent on those parents to select suitable hosts. Weevils that develop within tree fruits are an obvious example of this situation. We examined oviposition choice by the black walnut curculio, Conotrachelus retentus (Say), in a walnut plantation setting for 10 yr, focusing on the effects of cluster size on oviposition. The percentage of nut clusters with curculio oviposition did not differ signiÞcantly among cluster sizes, although the percentage of individual nuts destroyed was signiÞcantly lower in single nuts compared with two-nut clusters. Our data support the hypothesis that the curculio behaves as though the nut cluster was the ecological unit for oviposition, as do other weevils such as the pecan weevil.
PROGENY OF INSECTS that develop within plant structures of their parentÕs choosing are completely dependent on those parents making host selections that best support the developing offspring. Immatures that cannot move from selected oviposition sites have little input into maximizing their own development and survival; in these cases, "mother knows best" is reality. Although adults would be expected to deposit eggs in or on optimal hosts, host selection may be altered by insect and host physiological state, host defenses, competition, and/or ontogenetic and phylogenetic constraints. (Pyke et al. 1977, Courtney and Kibota 1990) . Many species of weevils develop within nuts selected by the female adults. Consequently, the examination of oviposition choice in weevils has been of interest to a variety of researchers (Butkewich et al. 1987 , Tammaru et al. 1995 , Desouhant 1998 .
Black walnut curculio, Conotrachelus retentus (Say), is a pest of black walnut, Juglans nigra L., ovipositing on individual nuts in the spring, shortly after pistillate ßower fertilization. Oviposition and feeding on nuts continues through June. An adult female deposits a single egg in a crescent-shaped slit chewed into the hull of the fruit. In laboratory studies, single females produce a mean of nine eggs in their lifetime; the greatest number of eggs produced by a female was 21 (Blair 1978) . Although multiple oviposition sites on a single nut result in multiple Þrst-instar larvae, the most vigorous larva usually consumes the others. The larvae develop within nuts, disrupting normal development and causing "June nut drop," The larvae exit the nuts and pupate in the soil. The adults emerge in late summer to feed on walnut foliage until leaf drop occurs, then they overwinter in leaf litter (Blair 1978) .
Black walnut fruits occur singly or in clusters of two, three, and, occasionally, four nuts (Harlow and Harrar 1969) . Little is known of the pattern of oviposition behavior of the black walnut curculio, or the factors, such as cluster size, that might affect oviposition site choice. We have collected data for 10 yr on the impact of the curculio on nut production in a plantation environment. The purpose of this study was to determine if female curculios use information from cluster size when making oviposition choices. The objectives of this study were to determine if the probability of curculio oviposition within a cluster was independent of cluster size, and to determine if the probability of curculio oviposition on an individual nut was independent of cluster size.
Materials and Methods
This study was conducted at the Sho-Neff Plantation near Stockton, MO, from 1987 to 1996. An aerial photograph of the plantation as it was in 1996 is available (http://terraserver.homeadvisor.msn.com/ image.asp?S ϭ 12&T ϭ 1&X ϭ 533&Y ϭ 5236&Z ϭ 15&W ϭ 2). Two areas, an upland site (area 16) and a bottomland site (area 2), were used to monitor curculio activity. Trees were planted 3 m apart within rows and rows were 12 m apart. The trees were planted in 1975 and 1976, and commercial harvest of nuts began in 1985. Soybeans were cultivated in the alleys between the tree rows with the establishment of the plantation. When shade from the trees became limiting in 1980s, the alleys were converted to tall fescue, orchard grass, and clover for hay production.
Curculio oviposition was monitored on 167Ð500 nut clusters annually, the number dependent on nut abundance. Each spring, potential nut clusters were selected during the pistillate ßower stage without regard to cluster size. Nut abundance permitting, 10 clusters on each of 25 randomly selected trees in each of the two sites were identiÞed. Each cluster was observed on a 10-to 11-d cycle through mid-July and a Þnal observation was made in early September to determine the crop of mature nuts. The sampling interval was based on the timing of curculio oviposition and subsequent nut abortion observed during a previous study (Schreiber and Linit 1991) . Nuts were observed from a 3-m ladder or a 4-m pruning tower, allowing observation of nut clusters within Ϸ6 m of the ground. The number of nuts per cluster and the number of oviposition scars (distinctive sickle-shaped wounds) on each nut were recorded. A nut was considered destroyed by the curculio if an oviposition site was recorded and the nut subsequently aborted. The occurrence of four-nut clusters was very rare and subsequently this cluster size class was removed from the data analysis.
The percentage of nut clusters that contained at least one oviposition site on any nut that subsequently aborted was compared among nut cluster sizes to determine if the curculio selects nut clusters as the ecological unit for oviposition. The number of individual nuts within each cluster class that received oviposition was compared with nuts without oviposition to determine if the curculio selects individual nuts as tbe ecological unit for oviposition. The effect of cluster size on percent nuts destroyed and percent individual nuts destroyed was analyzed with analysis of variance (ANOVA) and least square means tests. All statistical analyses were conducted using the statistical analysis system (SAS Institute 1985) . MorisitaÕs index and statistical comparison to the negative binomial distribution were used to determine the spatial dispersion of curculio oviposition sites among nuts.
Results
The majority of nuts examined were not damaged by the curculio (Table 1 ). The percentage of nut clusters destroyed by curculio oviposition did not differ signiÞcantly (ANOVA: F ϭ 0.70; df ϭ 2, 2747; P Ͼ 0.05) among cluster sizes (Table 2) , although the percentage of individual nuts destroyed was signiÞcantly lower (ANOVA: F ϭ 4.25; df ϭ 2, 747; P Ͻ 0.01) in single nut clusters compared with two-nut clusters (Table 2 ). MorisitaÕs index of aggregation (Table 3) indicated that oviposition was signiÞcantly aggregated on nuts every year of the study.
Discussion
Our data support the hypothesis that the black walnut curculio behaves as though the nut cluster is the ecological unit for oviposition: Ϸ10% of the clusters had curculio oviposition, independent of the number of nuts in the cluster. In other words, the insect did not locate a suitable oviposition site based upon the size of the nut cluster. The black walnut curculio is similar in this respect to the pecan weevil, Curculio caryae (Horn) (Hall et al. 1979, Harris and Ring 1979) . In an examination of 300 black walnut nut clusters on 10 trees, Ulmer (1981) found no signiÞcant differences in oviposition choice among cluster sizes. Ulmer (1981) did Þnd signiÞcant differences among the percent nuts destroyed by cluster size; the larger the cluster size, the lower the percent nuts with oviposition scars. This indicated that the curculio did not oviposit on all of the nuts within a multiple nut cluster and that withincluster nut selection by the weevil was probably random. Our data support this hypothesis.
The percentage of individual nuts attacked was signiÞcantly different among cluster sizes, with single nuts attacked at a lower rate, although overall percentages were relatively low (12Ð17%). The low per- 1, 2, and 3 designate the nut within a cluster, e.g., a cluster size of 2 (column 1) contains nuts 1 and 2. Indices followed by an * indicate signiÞcant aggregation (P Ͻ 0.0001). N, Number of individual nuts.
centage of nuts attacked by the curculio within multiple nut clusters also indicated that the insect does not oviposit on all of the nuts within a cluster.
MorisitaÕs index indicated that the spatial dispersion of curculio oviposition among nuts was aggregated. This suggests that there were no behavioral deterrents, such as a pheromone, to multiple oviposition on a single nut. The insect may be attracted to individual fruits because of differences in the fruitÕs physiological state of ripeness or physical and/or chemical variability compared with surrounding fruits (Averill and Prokopy 1989) .
The black walnut curculio exhibits a pattern of oviposition behavior that appears to be widespread among weevils that oviposit on nuts: oviposition choice by weevils is not based on cluster size, all fruits within a cluster are not selected for oviposition, and weevils do not avoid previously infested hosts (Hall et al. 1979 , Desouhant 1998 . For example, the plum curculio, Conotrachelus nenuphar (Herbst), does not discriminate strongly against previously infested fruits until those fruits have eight oviposition punctures (Butkewich et al. 1987) .
Competition and overcrowding avoidance through resource partitioning can have positive selective value for progeny (Prokopy et al. 1984) . Consequently, concentration of oviposition on a single nut and lack of oviposition on all fruits within a multiple nut cluster appear counterintuitive to maximize the Þtness of offspring; dissection of walnuts with multiple oviposition wounds generally reveals a single larvae that has consumed other, less vigorous larvae (Blair 1978) . Several hypotheses could explain this phenomenon. First, female weevils may select oviposition sites based on host quality and all nuts within a cluster may not be of equal quality. In rearing studies, Blair (1978) and Ulmer (1981) found larger nuts produced the majority of viable weevils, and nuts Ͻ1.9 cm in diameter were too small to support larval development. Consequently, female choice based on nut size might explain the lack of oviposition on all nuts within a cluster. However, Desouhant (1998) found that while selection of oviposition sites by the female chestnut weevil, Curculio elephas Gylenhal, was not random, the weevil did not choose the largest fruits for oviposition. No data are currently available on nut size as it relates to female choice for the walnut curculio, but casual visual observation of nut clusters over the 10 yr of the study did not indicate any obvious size or ripeness variability among nuts within a cluster.
Another hypothesis is that resource partitioning by weevils via cues from previously attacked nuts may be a very "loose" system. Weak ßiers, such as weevils, may not be under very strong selection pressure to partition resources by avoiding occupied nuts (Butkewich et al. 1987) . Cultivating black walnut in a plantation setting is a relatively recent phenomenon, and wild trees are scattered among other tree species in forests. Also, individual trees tend not to be consistent in nut production from year to year. Consequently, a weevil may tend to oviposit on the Þrst nut it encounters, regardless of the nutÕs condition or the possibility of lower progeny survival with increasing egg density because the probability of encountering another nut is low. Although this hypothesis may account for why oviposition is aggregated across clusters within a tree and among trees, this hypothesis does not necessarily explain why all of the nuts within a particular cluster are not selected for oviposition. All of the nuts within a multiple nut cluster are easily accessible to a weevil walking on the surface of any one nut because the nuts are touching one another: Why doesnÕt the weevil oviposit on the other unoccupied nuts in the cluster?
One possible answer to this question is that host location mechanisms may be compromised at the close range of a multiple nut cluster. Potential visual cues such as the circular shape of nuts could be distorted at close range. A weevil present on one nut of a multiple nut cluster may not visually recognize other nuts within the cluster because they no longer exhibit the circular shape as seen from a greater distance. Olfactory cues may be compromised as well. Female C. retentus are highly attracted to nuts (Ulmer 1981) . The close proximity of multiple nuts within a cluster may negate chemical gradients used to locate hosts, or the chemical cues of the nut on which the weevil Þrst oviposits may mask or interfere with cues from the other nuts within the cluster. At close range, a multiple nut cluster may appear as a single nut to the weevil, at least from an olfactory and/or visual perspective, and the only reason the weevil oviposits on the second and third nuts of a cluster is because the weevil "accidentally" walks onto the adjacent nuts. This study, as well as studies with other weevil species (Hall et al. 1979 , Harris and Ring 1979 , Desouhant 1998 ) support the hypothesis that black walnut curculios view the cluster as the ecological unit for oviposition.
Further experimentation is needed to examine female curculio behavior as it pertains to individual nut selection. Direct observations of nut-choice behavior by female curculios when foraging within nut clusters would help determine the processes involved in oviposition site selection.
